Food allergy was induced in two groups of NC/jic mice. Mice fed frucuto-oligosaccharides showed fewer allergic symptoms than control diet-fed mice. The cecal microbiota compositions were clearly different between the two groups, and the difference was partly attributable to Clostridia possession. A possible link of the compositional change in intestinal micriobiota with the antiallergic effect of fructo-oligosaccharides is suggested.
The intestinal microbiota of monogastric animals are comprised of more than 500 distinct bacterial species, which play an important roles in host nutrition and health by promoting the nutrient supply and shaping and maintaining normal mucosal immunity. 1) Evidence that intestinal microbiota affect host physiological functions significantly, in particular immunological functions, is based on studies of germ-free and conventionalized animals. 2, 3) It has been suggested by several human clinical studies that the composition of intestinal microbiota plays a role in the development of allergic diseases such as atopic disease and food allergy. This is supposedly because immunostimulation from each bacterial species have specific effects on the Th1 and Th2 balances of host immunity. Although analysis of microbiota composition has extensively focused on atopic disease and less on food allergy, most studies indicate decreased bacterial numbers of Lactobacilli and Bifidobacteria in allergic patients as compared to healthy individuals, whereas increased numbers of Clostridia and Staphylococci ware found in those patients. [4] [5] [6] [7] Despite of this interesting implication, there are a few studies of the role of intestinal microbiota composition in the development of allergic diseases in experimental animal models. While many studies have demonstrated the anti-allergic effects of certain functional foods such as probiotics and prebiotics, 8, 9) intestinal microbiota composition was rarely evaluated in those studies. Thus, it is still controversial whether the compositional change in intestinal microbiota occurs in concert with the antiallergic effect of these functional foods. Furthermore, the difference in intestinal microbiota composition between healthy and food allergic patients is less clear in comparison to atopic diseases as mentioned above.
We have reported that dietary supplementation with frucuto-oligosaccharides (FOS) improved food allergy induced in NC/jic mice. Supplementation with FOS decreased the infiltration of Th2 cells (CCR4-positive cells) and mast cells in the small intestine, and decreased serum IgE. 10) FOS is one of the most popular prebiotics, 11) and therefore the intestinal microbiota composition might have changed with the decreases in Th2 and mast cells. In this study, we evaluated the difference in intestinal microbiota composition between mice fed the control and the FOS-supplemented diet with the induction of food allergy. Additionally, the bacterial species responsible for the difference in the compositional change in intestinal microbiota between groups were identified to determine whether the above-mentioned bacterial species are related to the development of food allergy.
Fourteen 6-week-old NC/jic mice were obtained from Japan CLEA (Tokyo) and housed under specific pathogen-free (SPF) circumstances under a controlled temperature (25 C) and a 12-h light-dark cycle. This study was approved by the Animal Research Ethics Committee at Showa University. The mice were evenly divided into two experimental groups of similar body weight. One group was a fed control diet (CE-2, Japan CLEA) supplemented with 5% w/w of fructose, and another was fed a control diet supplemented with 5% w/w FOS. The mice were allowed free access to the diet and to water throughout the experimental period. Food allergy was induced with ovalbumin in all the mice as described previously. 10) After the 8-week-induction of food allergy, the mice were dissected under general anesthesia with sodium pentobarbital (Somnopentyl, Schering-Plough, Osaka, Japan). After abdominal incision, the small intestine and cecum were collected. The number of infiltrated mast cells in the perivascular area underneath the muscularis mucosae of the duodenum was counted as an indicator of the anti-allergic effect of FOS. 10) Mast cell staining and counting in the duodenum was performed as described previously with slight modifications. 10) Briefly, the cross-cut section of the small intestine (5 cm from pylorus) was fixed in the 10% buffered formalin, embedded into paraffin wax, prepared y To whom correspondence should be addressed. Tel/Fax: +81-75-703-5620; E-mail: k ushida@kpu.ac.jp Biosci. Biotechnol. Biochem., 74 (9), 1947-1950, 2010 Note into micro (4-mm) sections, and stained with toluidine blue (pH 7.4). The numbers of the mast cells were counted under light microscopy (BX51, Olympus). The whole area of the muscularis externa, submucosa, and muscularis mucosae was measured by the analysis software (DP2-BSW, Olympus). The cecal contents were collected and used for PCR-TGGE analysis. The extraction of whole bacterial DNA from cecal contents and the following PCR-TGGE analysis were performed as described by Matsumoto et al. 12) A cluster analysis of the TGGE banding profiles was as described in Inoue and Ushida. 13) Two bands characteristically observed in the control group and one in the FOS-supplemented group were identified by sequencing analysis by the method described by Inoue et al. 14) Five E. coli clones for each band were randomly selected. Sequencing was performed by the Shimadzu Genomic Research Laboratory (Shimadzu, Kyoto, Japan).
Villous edema was observed in the small intestine of the control group, whereas the villi of the FOSsupplemented group showed relatively normal morphology ( Fig. 1a ). Furthermore, FOS supplementation significantly inhibited the infiltration of mast cells ( Fig. 1b) , indicating that anti-allergic effect of FOS was successfully achieved in this study as in the previous study. 10) The TGGE profiles of the cecal microbiota of seven control mice and seven FOS-fed mice are shown in Fig. 2a . A dendrogram was constructed based on the TGGE banding profiles, and two clearly distinct clusters were observed (Fig. 2b ). All the mice in the control group were grouped into one cluster and all the mice in the FOS-supplemented group were into another. This result indicates that the eight-week-supplementation of FOS altered the composition of cecal microbiota as expected, 15) even with induction of food allergy.
Characteristic bands in the TGGE profiles of each group were identified to assess the bacterial species partly responsible for the difference in the compositional change of intestinal microbiota between groups. All bands sequenced showed the highest similarity to the uncultured bacterium (Table 1) . Among known bacterial genus/species, bands A and B, the characteristic bands in the TGGE profiles of the control mice, showed higher similarity to Clostridium sp. HAAP-2 and AP9 respectively. On the other hand, the characteristic band in the profiles of the FOS-fed mice (band C) showed higher similarity to Ruminococcus sp. M-1 ( Table 1) .
The composition of intestinal microbiota, particularly possession of Bifidobacteria, Lactobacilli, and Clostridia, is supposed to play a role in allergic disease, as described in the introduction. 9) It has been suggested by several studies that both Bifidobacteria and Lactobacilli exert anti-allergic effects when they are ingested orally. 9) Thus, the effects of these two bacterial genera on the development of allergy are understandable. However, the effect of Clostridia on the development of allergic disease has never been assessed in detail, and thus it is still unclear whether increased Clostridia possession in the intestinal microbiota is a cause or an effect of allergy.
This study demonstrated that the mice had fewer food allergic symptoms at least possessed a different composition of intestinal microbiota from the mice with more severe allergic symptoms and that the difference in the intestinal microbiota was apparently attributable to the change in Clostridia possession. The change in detailed bacterial number of Clostridia was not provided by PCR-TGGE analysis. Additionally, it is difficult to analyze quantitatively the number of Clostridia that showed similarities to the TGGE bands, because both Clostridium sp. HAAP-2 (band A) and AP9 (band B) belong to Clostridium cluster XIVa, one of the dominant bacterial groups in the mouse intestine, 16) to which Ruminococcus sp. M-1 (band C) also belongs (data not shown). Therefore, the bacterial group-specific probe or primers for Closstridium cluster XIVa could not be used for the quantification of these bacteria, and thus, new specific probe or primers should be invented. However, the disappearance of the TGGE bands indicated a decrease in Clostridia possession in the intestinal microbiota of FOS-fed mice. This fact supports the implication that the composition of intestinal microbiota plays a role in the development of allergy, and suggests that Clostridia are one of the key genera for the development not only of atopic disease but also of food allergy. It is of interest whether the possession of Clostridia increased during the induction of food allergy in the control mice, or whether the control mice had higher possession of Clostridia originally. The latter is likely, because NC/jic mice are the model mice for various allergic diseases, such as atopic disease and food allergy.
Although the role of Clostridia in allergic disease is almost totally unknown, it was suggested to have a strong impact on the gut immune system and thus eventually on the systemic immune system as well. Umesaki et al. 2) demonstrated Clostridia are indispensable for the development of the large intestinal immune system, whereas segment filamentous bacteria (SFB), a closely related species with Clostridia, are necessary for the normal development of the small intestinal immune system. On the other hand, aberrant expansion of both Clostridia and SFB was observed in immunoglobulin A (IgA) deficient mice. 17) These intriguing observations imply that Clostridia interact strongly with the gut immune system, and their possession increases when the gut immune system skews into an abnormal situation.
Bifidobacteria and Lactobacilli possession appeared unchanged after 8-week-supplimentation of FOS, while Ruminococcus sp. M-1 increased in its possession. Minamida et al. 18) have found that difructose anhydride III (DFAIII), disaccharide of fructose, stimulated the growth of Ruminoccocus sp. M-1 in the rat cecum. Although DFAIII is not exactly the same material as FOS, the constituents are similar to each other. Thus, the increase in Ruminoccocus sp. M-1 possession observed in this study may be directly due to FOS. Although further study is required regarding the change in A homology search was performed using NCBI-BLAST (blastn). The known bacterial name with highest similarity is listed in the right column, because all bands showed the highest similarity with uncultured bacterium when a homology search was performed against all the bacteria deposited in Genbank (left column). Bifidobacteria and Lactobacilli due to FOS supplementation, a change in the bacterial number or possession of neither Bifidobacteria nor Lactobacilli was observed in the DFAIII-fed rats. 18) It is possible that the change in Bifidobacteria and Lactobacilli after FOS supplementation is relatively small when the whole intestinal microbiota was analyzed comprehensively, as in this study and in Minamida et al. 18) This study demonstrated that a change in the intestinal microbiota composition occurred in concert with the anti-allergic effect of FOS. Furthermore, the change in intestinal microbiota due to FOS supplementation was partly attributable to the decrease in Clostridia possession, one of the candidate intestinal bacteria for the development of allergy. It is highly of interest that allergic model mice showed similar characteristics as to intestinal microbiota of humans with allergy. This suggests that studies focusing on the role of Clostridia in the development of allergy can be conducted in a mice model, which should provide valuable information for the prevention of allergy.
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